INTRODUCTION
============

Allergic rhinitis causes inflammation of the nasal mucosa. Its pathogenesis is mediated by IgE antibodies produced after exposure and sensitization to environmental allergens. The most common symptoms are nasal congestion, watery rhinorrhea, sneezing and itching, which revert spontaneously or after treatment. Allergic rhinitis is influenced by environmental and genetic factors [@b1-cln_69p740].

Epidemiological data indicate that the prevalence of allergic rhinitis has increased in developing and developed countries over the last few decades [@b2-cln_69p740]-[@b4-cln_69p740]. Independent studies have demonstrated the differential incidence of this disease between genders. Several studies reported an increased prevalence of allergic rhinitis in young males than in young females [@b5-cln_69p740]-[@b7-cln_69p740], although other studies failed to find differences according to gender or age [@b8-cln_69p740],[@b9-cln_69p740].

Two studies explored the prevalence of allergic rhinitis in Brazil. One study found that this disease is highly prevalent among children and adolescent males treated at emergency centers [@b10-cln_69p740]. Another analysis, a descriptive cross-sectional study on schoolchildren aged 10-14, reported a rate of 33.2% for allergic rhinitis but did not find differences in the frequency between genders [@b11-cln_69p740].

Despite the contradictory data reported in Brazil and elsewhere, surveys accounting for total IgE plasma levels in allergic rhinitis patients are scarce. The aim of the present study was to investigate whether the plasma levels of total IgE differ between genders and according to age among patients suffering from allergic rhinitis.

PATIENTS AND METHODS
====================

Ethical considerations
----------------------

This study was approved by the Research Ethics Faculdade de Medicina de São José do Rio Preto (FAMERP) (Case 085/2008). All patients received broad explanations about the objectives of the study and the procedures that involved the collection of biological material. They then signed written consent forms.

Patient selection
-----------------

Patients who received medical attention at the Clínica Menino Jesus in São José do Rio Preto, State of São Paulo, Brazil, from March 2009 to December 2011 were eligible for the study. A total of 171 adult patients of both genders (55 males and 116 females) who had regularly visited the clinic for a period of one year and who had been diagnosed with allergic rhinitis were enrolled.

Patients under 18 years old, smokers and those with a history of previous hospitalization due to respiratory diseases were excluded. Patients with a confirmed diagnosis of asthma were also excluded to avoid confounding the results because the immunological mechanisms underlying this disease and allergic rhinitis are similar.

Based on a previous report by Sybilski et al. [@b12-cln_69p740], the number of patients enrolled was sufficient to show any differences in total IgE plasma levels between genders with a power exceeding 90%.

Diagnosis of allergic rhinitis
------------------------------

Allergic rhinitis was diagnosed by an experienced physician (NF) following the criteria of the Second Brazilian Consensus for Rhinitis [@b1-cln_69p740]. The clinical history of the patient, any family history of the disease, a physical examination and the patient report (symptoms of rhinitis for more than four days per week for five consecutive weeks) were recorded. The cardinal symptoms considered were nasal congestion; watery rhinorrhea; paroxysmal sneezing and pruritus of the nose, palate and/or eyes.

Blood sample collection
-----------------------

A 5 mL sample of peripheral blood was drawn from each participant by venous puncture and placed in a vacuum tube without anticoagulant for IgE determination.

Total IgE plasma level assay
----------------------------

The total IgE plasma levels in the serum samples were measured using commercial ImmunoCAP kits. A reference value of 140 IU/mL was considered, given the ages of the patients analyzed.

Statistical analysis
--------------------

The software GraphPad InStat version 3.1 was used to perform calculations. A t test was used to compare the mean values between the two age groups and the mean total IgE plasma levels between genders.

RESULTS
=======

Data from the 171 patients enrolled in this study are shown in [Table 1](#t1-cln_69p740){ref-type="table"}. The mean age of the overall group of patients with allergic rhinitis, recorded at the time of enrollment, was 38.4±19.0 years old and the mean age varied significantly between genders. The male patients were younger than were the female patients, even when the comparison was restricted within the 25^th^ and 75^th^ percentiles.

Total IgE plasma levels, measured in IU/mL, were higher in males than in females, even when the comparison was restricted within the 25^th^ and 75^th^ percentiles. The mean total IgE plasma levels stratified into values up to or above 140 IU/mL showed significant differences between males and females ([Figure 1](#f1-cln_69p740){ref-type="fig"}). [Table 2](#t2-cln_69p740){ref-type="table"} shows the mean total values of IgE levels for males and females when stratified by age (up to or older than 20 years of age). In both of these cases, the mean values were higher in males than in females.

DISCUSSION
==========

The aim of this study was to determine whether total IgE plasma levels differed between genders and according to age in patients with allergic rhinitis. Antibodies belonging to this class are produced in response to allergenic environmental stimuli and their concentrations and specificities are strongly associated with various manifestations of allergies [@b13-cln_69p740],[@b14-cln_69p740].

The enrolled patient group with allergic rhinitis comprised nonsmokers living in the northwest region of São Paulo State (20° 49′ 53″ S; 49° 22′ 55″ W). This region is predominantly used for agriculture and keeping livestock and does not contain major industrial centers [@b11-cln_69p740],[@b15-cln_69p740]. Smoke and industrial pollution are known risk factors that increase the prevalence of respiratory diseases [@b16-cln_69p740].

Fewer male patients were enrolled in the study compared with the number of females enrolled. The reasons why men seek medical attention less often relative to women are not completely understood. There is evidence in certain countries that the local health systems are not tailored to meet the health needs of men [@b17-cln_69p740]. Additionally, in the current study, this difference probably reflects the cultural attitudes of Brazilian males, which are characterized (at least in certain regions) by invulnerability, strength and virility, leading them to avoid seeking medical care [@b18-cln_69p740].

In this study, we verified that the mean age of males was lower than that of females, even when the comparison was restricted within the 25^th^ and 75^th^ percentiles. This observation agrees with the data of Boulet et al. [@b5-cln_69p740] and of Huurre et al. [@b6-cln_69p740], who reported that allergic rhinitis is more common in young men than in women. Additionally, Huurre et al. [@b6-cln_69p740] highlighted that the incidence of allergic rhinitis is even higher in men between the ages of 17 and 22 years. In addition, our data are aligned with those of Lasmar et al. [@b10-cln_69p740], who reported a high prevalence of allergic rhinitis among Brazilian adolescent males in comparison with females.

It has been observed that the first symptoms of allergic rhinitis appear around preschool age, affect males more often than females and can persist through adolescence and adulthood [@b6-cln_69p740],[@b19-cln_69p740]. This tendency seems to be multifactorial and it has been advocated that the timing regarding the introduction of solid foods and exposure to potential allergens during early life influence maturation of the immune system and susceptibility to allergic rhinitis [@b19-cln_69p740]-[@b21-cln_69p740].

In our study, we did not enroll patients younger than 18 years of age and we did not collect information on the alimentary habits of the enrolled patients. However, it is possible that male patients with allergic rhinitis were exposed to specific environmental stimuli at an early age that made them more prone to developing allergic rhinitis. A recent survey performed in a small area in the northeastern part of São Paulo State reported allergic rhinitis in more than 30% of schoolchildren aged 10-14 years [@b11-cln_69p740]. The authors concluded that although it was within acceptable levels, the pollution caused by the cane trash burning season may have contributed to the rhinitis episodes observed. It is reasonable to suppose that patients sensitized by solid foods and/or by other potential allergens at early age remain symptomatic if they are continuously exposed to environmental pollutants during adulthood.

The mean total IgE plasma levels in the combined enrolled group exceeded the reference value of 140 IU/mL. High levels of total IgE in the plasma reflect, at a least in part, involvement of this class of antibodies in the immunological mechanism underlying certain respiratory diseases, such as allergic rhinitis [@b22-cln_69p740] and are frequently reported in studies comparing subjects with and without allergic diseases [@b23-cln_69p740],[@b24-cln_69p740].

We found significant differences in the mean total IgE plasma levels between male and female patients, even when the comparison was restricted within the 25^th^ and 75^th^ percentiles. These differences persisted even when both genders were stratified according to the reference value (up to or above 140 IU/mL) and according to age (up to or older than 20 years of age). Our data are consistent with many reports in the literature. It has been observed that males with asthma present higher total IgE plasma levels compared with female patients [@b25-cln_69p740]. In addition, adolescents and adult males with bronchial asthma exhibit higher plasma levels of total IgE in response to environmental allergens [@b26-cln_69p740].

The reasons underlying these differences are not completely understood. Allergic rhinitis and asthma have similar immunological mechanisms and it is possible that the factors contributing to the increase in total IgE plasma levels in asthma are involved in the same process in allergic rhinitis [@b13-cln_69p740],[@b14-cln_69p740]. Barrenas et al. [@b27-cln_69p740] demonstrated that the production of specific inflammatory proteins, although influenced by seasonality, is higher in male patients than in female patients suffering from allergic rhinitis, even after treatment with anti-inflammatory drugs. Yamamoto et al. [@b28-cln_69p740] reported that differences associated with sex are important during the initiation of allergic rhinitis in mice. It is possible that the involvement of IL-4 in the immunological mechanisms regulating the production of IgE antibodies influences the high rates of IgE expression in males compared with females [@b29-cln_69p740].

Boulet et al. [@b5-cln_69p740] demonstrated that the degree of sensitization according to the skin prick test reaches its peak in young adults, regardless of the allergen, then tends to diminish with age. In fact, in the current study, we observed that the mean total IgE plasma levels were higher in males up to 20 years of age but decreased among those older than 20 years of age. Taken together, the findings of this study and those of other reports support the view that male patients with allergic rhinitis have elevated total IgE plasma levels and that this class of antibodies plays an important role in the pathophysiology of this respiratory disease.

This study presents certain limitations and the results must be considered preliminary, as the diagnosis of allergic rhinitis was essentially clinical and no measurements of specific IgE or a skin prick test was performed. However, the study sheds light on the importance of gender and age in the production of total IgE in the plasma of patients suffering from allergic rhinitis, especially in regions where pollution from sugar cane burning has been increasing over the last few decades [@b11-cln_69p740].

In conclusion, this study demonstrates that total IgE plasma levels are higher in young adult males than in females suffering from allergic rhinitis. Evaluating total IgE plasma levels can be useful to identify patients at risk of allergic rhinitis in areas with low industrial pollution.
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###### 

Mean age and mean values of total IgE plasma levels between male and female patients with allergic rhinitis.

  Characteristics             Males                 Females              *p*               
  --------------------------- --------------------- -------------------- ---------- ------ --
  Total (n = 171)             55                    32.2                 116        67.8   
  Mean age ± SD               32.2±17.8             41.4±18.9            0.0027            
  Median (range)              29 (18-78)            41.5 (18-85)                           
  25^th^ percentile (range)   17.2 (18-28)          25.9 (18-41)                           
  75^th^ percentile (range)   47.9 (32-78)          57.0 (42-85)                           
  Normal distribution         Yes                   No                                     
  Total IgE in plasma                                                                      
  Mean ± SD (IU/mL)           413.0±143.0           147.9±98.0           \<0.0001          
  Median (range)              144.0 (0.5-4,210)     62.3 (1.5-1,009)                       
  25^th^ percentile (range)   68.9 (0.5-142.0)      23.4 (1.5-60.6)                        
  75^th^ percentile (range)   767.1 (150.0-4,210)   272.3 (64.0-1,009)                     

###### 

Mean values for total IgE plasma levels (IU/mL) of males and females aged up to or older than 20 years old.

  Age stratification                     Male                Female             *p*                   
  -------------------------------------- ------------------- ------------------ -------------- ------ --
  Up to 20 years of age (n = 32)         16                  48.5               16             51.5   
  Mean IgE ± SD (IU/mL)                  609.7±385.0         162.3±92.0         **\<0.0001**          
  Median (range)                         173.0 (0.5-3,186)   91.0 (5.7-594.0)                         
  Older than 20 years of age (n = 139)   39                  27.5               100            72.5   
  Mean IgE ± SD (IU/mL)                  325.0±195.0         145.5±97.0         **\<0.0001**          
  Median (range)                         128.0 (3.4-4,210)   56.0 (1.5-1,009)                         
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